Although oral melatonin administration may enhance a nocturnal blood pressure fall, it remains unclear whether endogenous melatonin, which is present at considerably lower levels than pharmacological melatonin, is associated with the non-dipper pattern. The present cross-sectional study aimed to determine the association between urinary melatonin excretion, an index of endogenous melatonin, and the non-dipper pattern. We measured the following variables in 141 elderly hypertensives: overnight urinary melatonin excretion, ambulatory blood pressure and actigraphic physical activity. We defined a non-dipper pattern as a o10% fall in sleep systolic blood pressure compared with awake systolic blood pressure. When participants were divided into two groups (high and low melatonin groups) by the cutoff value for identifying the top tertile, the characteristics, except for age, did not significantly differ between the two groups. Crude logistic regression analysis showed significant associations of the non-dipper pattern with age, diabetes, higher urinary melatonin excretion (high vs. low) and daytime activity. In a multivariate analysis after adjustment for age, diabetes and daytime activity, the odds ratio for the non-dipper pattern in the high melatonin group was significantly lower than that in the low melatonin group (odds ratio: 0.39, 95% confidence interval (CI): 0.17-0.91, P ¼ 0.03). Moreover, the mean percentage systolic blood pressure nocturnal fall, adjusted for the former covariates, was significantly higher in the high melatonin group than the low melatonin group (difference 3.5%, 95% CI: 0.0-7.0%, P ¼ 0.048). Among elderly hypertensive individuals, nocturnal urinary melatonin excretion is significantly and inversely associated with the non-dipper pattern.
INTRODUCTION
Hypertensive subjects who do not have a nocturnal blood pressure (BP) fall (non-dipper pattern) have more cardiovascular target organ damage 1-3 and worse cardiovascular outcomes [4] [5] [6] than those who do (dipper pattern). The non-dipper pattern is observed in approximately half of the hypertensive population and is caused by old age, high body mass index (BMI) and diabetes, 7 and the clinical importance of the non-dipper pattern increases in hypertensive individuals. 8 Melatonin (N-acetyl-5-methoxytryptamine) is a pineal gland hormone secreted predominantly at night. Nocturnal serum melatonin production is accurately reflected by nocturnal urinary excretion of the major metabolite of melatonin, 6-sulfatoxymelatonin, after rapid metabolism. 9 In addition, melatonin plays an important role in BP reduction, including enhancement of vasodilation, reduction in myocardial contractility and decreased sympathetic activity. [10] [11] [12] Several clinical trials have suggested that oral melatonin administration enhances nocturnal BP fall in hypertensive subjects, 13, 14 but it remains unclear whether endogenous melatonin, which is present at considerably lower levels than pharmacological melatonin, 15 is associated with the non-dipper pattern.
The purpose of this observational study was to clarify the association between urinary 6-sulfatoxymelatonin excretion (UME), an index of endogenous melatonin, and the non-dipper pattern in elderly hypertensives.
METHODS Participants
We studied 141 elderly hypertensive individuals who were consecutively selected from among 211 subjects, voluntarily recruited and who met the following inclusion criteria: those who were aged X60 years; those who had hypertension diagnosed with an ambulatory awake BP of X140/90 mm Hg an ambulatory sleep BP of X125/75 mm Hg; and/or if participants had a previous diagnosis of hypertension and were receiving current antihypertensive medication. 16 Of these individuals, 70 were excluded from the analysis because of the following reasons: those who were normotensive on ambulatory BP monitoring (ABPM) without receiving current antihypertensive medication (n ¼ 60), those whose sleep period was not detected by actigraphy (n ¼ 5), those whose BP data were lost for 425% of the study period because of errors or artifacts (n ¼ 3), those whose urine was not collected according to our protocol (n ¼ 1) and those who consumed alcohol during the designated monitoring period (n ¼ 1). Written informed consent was obtained from all participants in the study.
Study protocol
We visited each participant's home between September 2010 and April 2011 and collected demographic and medical information including age, gender, medical history and medication during a personal interview. A standardized questionnaire was administered by a trained interviewer. A venous sample was collected during the visit, and ABPM and actigraphic monitoring were performed from the noon of day 1 to the noon of day 3 ( Figure 1 ). Participants were instructed to collect their urine during the night of the second day. Finally, we revisited each home to retrieve our instruments and collect the urine samples. All participants were advised against alcohol consumption during the designated monitoring period. The study protocol was approved by the ethical committee of Nara Medical University.
Urinary 6-sulfatoxymelatonin excretion
Participants were instructed to follow a collection protocol that required discarding the last void at bedtime and collecting urine from the time of going to sleep to the first morning void. The overnight urine sample was kept at room temperature, avoiding direct sunlight, until collection. The total volume of urine collected overnight was measured upon sample collection and then stored at À20 1C until assay. The urinary concentration of 6-sulfatoxymelatonin was measured by a commercial laboratory (SRL, Tokyo, Japan) using a highly sensitive enzyme-linked immunosorbent assay kit (RE54031; IBL, Hamburg, Germany) with a lower 6-sulfatoxymelatonin detection limit of 1.0 ng ml À1 . None of the participants had 6-sulfatoxymelatonin levels below the detection limit for assay. UME was calculated as follows: UME (mg) ¼ concentration of 6-sulfatoxymelatonin (mg ml À1 ) Â total volume of overnight urine (ml)
The reproducibility of UME among 36 participants was assessed by additional collection of urine samples 4 months later; the intraclass correlation coefficient (ICC) was evaluated for agreement after natural log transformation of UME values because of a skewed distribution. The ICC between two UME levels was 0.77 (95% confidence interval (CI): 0.60-0.88).
Ambulatory BP monitoring
ABPM was performed on the non-dominant arm using a validated ambulatory recorder (TM-2430; A&D, Tokyo, Japan) and suitably sized cuff. We measured BP from the noon of day 1 to the noon of day 3 at 30-min intervals for 48 h. Recordings taken during the awake and sleep periods of the second day were used for analysis. Erroneous BP data were excluded as were values with systolic BP (SBP) o50 or 4250 mm Hg and diastolic BP o30 or 4160 mm Hg. We estimated the awake and sleep periods by actigraphy. We defined a non-dipper pattern as a o10% fall in sleep SBP compared with awake SBP. 17 Among the 201 subjects (141 hypertensives and 60 normotensives), 44% used an antihypertensive drug, the mean 24-h ambulatory BP was 129/76 mm Hg and 33% had a non-dipper pattern.
Actigraphic monitoring
Actigraphic parameters were measured using an actigraph (Actiwatch 2; Respironics, Murrysville, PA, USA) to detect movement; we preferred to perform actigraphic monitoring on the non-dominant wrist because the dominant arm shows overcounts for physical activity by minor activity with trunk still (for example, writing, cooking and brushing teeth). 18 The internal clocks of the ABPM device and actigraph were synchronized. We began and completed measurements on both devices simultaneously; actigraphic measurements were performed at 1-min intervals for 48 h. Recordings taken during the awake and sleep periods of the second day were used for analysis. Three actigraphic parameters were determined by Actiware version 5.5 (Respironics) with a default wake threshold value of 40 (moderate) and 10 immobile min for sleep onset to identify individual epochs as awake or sleep: 19 sleep duration (total duration of sleep), sleep efficiency (calculated by dividing total sleep time by total rest time) and physical activity (average of all valid physical activity counts per min).
Other measurements
Body weight and height were measured, and BMI was calculated as weight (kg)/height (m 2 ). Current smoking and habitual drinking status were evaluated by self-report questionnaire. Venous samples were analyzed by a commercial laboratory (SRL) using a standard clinical chemistry analyzer to determine hemoglobin A1c levels and concentrations of fasting plasma glucose and creatinine. Diabetes mellitus was diagnosed using medical history, current antidiabetic treatment or if fasting plasma glucose was X7.0 mmol l À1 and the hemoglobin A1c level was X6.5% of the National Glycohemoglobin Standardization Program value. The estimated glomerular filtration rate (eGFR) was calculated by the Japanese Society of Nephrology-Chronic Kidney Disease Practice Guide formula: eGFR (ml min À1 per 1.73 m 2 ) ¼ 194 Â (serum creatinine (mg dl À1 )) À1.094 Â (age (years)) À0.287 . The result was multiplied by a correction factor of 0.739 for women.
Statistical analysis
Mean ± s.d. values were reported for variables with a normal distribution, and median and interquartile ranges for variables with an asymmetrical distribution. The study participants were divided into two groups (high and low melatonin groups) by the cutoff value for identifying the top tertile, and comparisons between high and low UME groups were performed using unpaired t-tests for continuous data with a normal distribution, the MannWhitney test for continuous data with an asymmetrical distribution and the w 2 test for categorical data. Comparisons between non-dipper and dipper pattern were also performed. Crude odds ratios (ORs) with 95% CI of the non-dipper pattern were estimated using a logistic regression model. In the model, explanatory variables included age (per year), gender (male or female), BMI (kg m À2 ), obesity (BMI X25 or o25 kg m À2 ), current smoker (yes or no), habitual drinker (consume alcohol daily or not), use of antihypertensive medication (yes or no), evening administration of antihypertensive drug (yes or no), diabetes (yes or no), UME (high or low), eGFR (ml min À1 per 1.73 m 2 ), sleep duration (per min), sleep efficiency (%), poor quality of sleep, that is, sleep efficiency o70% or total sleep time o5 h (yes or no), daytime activity (counts per min) and nocturnal activity (counts per min). ORs were adjusted simultaneously for variables that showed a significant association with the non-dipper pattern in the univariate model. In addition, the percentage SBP nocturnal fall was adjusted for variables significantly associated with the non-dipper pattern in the univariate model using analysis of covariance. We evaluated trends in continuous data using the Jonckheere-Terpstra test for trends. 20 Statistical analyses were performed using SPSS for Windows version 19.0 (IBM SPSS Inc., Chicago, IL, USA), and statistical significance was set at the two-sided P-value of o0.05.
RESULTS
Of the 141 participants with hypertension, the median UME was 7.7 mg (interquartile range 4.6-11.0). The cutoff value for identifying the top tertile (the high UME group) was 9.7 mg. The characteristics of the 141 hypertensives, divided into two groups (the high and low Urinary melatonin and non-dipper in the elderly K Obayashi et al UME groups), are presented in Table 1 . Participants in the high UME group were younger than those in the low UME group. Table 2 shows the characteristics stratified by circadian BP status (non-dipper and dipper pattern). Hypertensives with the dipper pattern were significantly younger, and had a lower frequency of diabetes, a higher UME and higher daytime activity than those with the non-dipper pattern.
In addition, hypertensives with the dipper pattern showed a significantly lower sleep BP than those with the non-dipper pattern. The ICCs of percentage SBP nocturnal fall and circadian BP status were 0.46 and 0.38, respectively. None of the participants had an eGFR value o30 ml min À1 per 1.73 m 2 , and none consumed any drug or supplement containing melatonin.
Crude logistic regression analysis showed significant associations between non-dipper pattern and age, diabetes, higher UME and daytime activity. Multivariate analysis adjusted for age, diabetes and daytime activity indicated that the OR for the non-dipper pattern was significantly lower in the high UME group than in the low UME group (OR: 0.39, 95% CI: 0.17-0.91, P ¼ 0.03; Table 3 ).
The mean percentage SBP nocturnal fall was marginally higher in the high UME group than in the low UME group (14.4±9.8% and 11.4 ± 10.5%, respectively; P ¼ 0.10). In multivariate analysis, mean percentage SBP nocturnal fall adjusted for age, diabetes and daytime activity was significantly higher in the high UME group than in the low UME group (difference: 3.5, 95% CI: 0.0-7.0%, P ¼ 0.048; Table 4 ).
In addition, a marked and consistent difference in UME was observed in categories based on nocturnal SBP fall: extreme dipper pattern (n ¼ 28), nocturnal SBP fall X20%; normal dipper pattern (n ¼ 61), nocturnal SBP fall o20% but X10%; decreased dipper pattern (n ¼ 36), nocturnal SBP fall o10% but X0%; and reverse dipper pattern (n ¼ 16), nocturnal SBP fall o0%. UME was highest in hypertensive individuals with the extreme dipper pattern and lowest in those with the reverse dipper pattern (P trend ¼ 0.02; Figure 2 ); 11 hypertensives (39%) from the extreme dipper pattern population were included in the high UME group.
DISCUSSION
This study demonstrated that UME is significantly and inversely associated with the non-dipper pattern in elderly hypertensives.
Evidence included the fact that the OR for the non-dipper pattern in the high UME group (the top tertile) is significantly lower than that in the low UME group after adjustment for age, diabetes and daytime activity (OR: 0.39, 95% CI: 0.17-0.91, P ¼ 0.03). In addition, this finding is supported by the consistent association observed between UME and percentage SBP nocturnal fall (difference: 3.5%, 95% CI: 0.0-7.0%, P ¼ 0.048).
Our results suggest an inverse relationship between endogenous melatonin and the non-dipper pattern in a smaller difference in melatonin levels relative to oral melatonin administration. Although several clinical trials have suggested that oral melatonin administration enhances nocturnal BP fall in hypertensive subjects, 13, 14 pharmacological melatonin levels even at a low dosage (2 mg) and with prolonged-release tablets vary widely and are 10-fold higher than endogenous melatonin levels. 15, 21 In our study, the median UME of the high UME group was 2.3-fold as high as the low UME group, and thus we indicate the effect of endogenous melatonin on the non-dipper pattern in a smaller difference in melatonin levels relative to oral melatonin administration.
To our knowledge, only two previous observational studies have reported that lower melatonin production influences the non-dipper Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure; UME, urinary 6-sulfatoxymelatonin excretion. Data are means (s.d.), medians (interquartile range) or number (%). Habitual drinker is one who drinks any alcohol every day. Poor sleep quality is poor sleep efficiency o70% or total sleep time o5 h.
pattern. One study showed that the night-to-day ratio of plasma melatonin levels was lower in hypertensive patients with the non-dipper pattern compared with those with the dipper pattern. 22 The other study reported that nocturnal increase in urinary melatonin levels was impaired in hypertensive patients with the non-dipper pattern. 23 However, the confounding effects of other causes of the non-dipper pattern, such as age, BMI and diabetes, 7 were not adequately considered in these studies; hence, it was unclear whether endogenous melatonin was associated with the non-dipper pattern independent of potential confounders. Our results indicate that among the elderly hypertensive population, UME is inversely associated with the non-dipper pattern, independent of age, diabetes and daytime activity. The potential mechanisms of melatonin's effect on BP have been studied under varying experimental conditions. Melatonin increases cytosolic Ca 2 þ in endothelial cells, increases levels of nitric oxide and decreases levels of reactive oxygen species. 24, 25 Melatonin also influences the enhancement of vasodilation and reduction of myocardial contractility, and lowers BP and serum norepinephrine levels. 10, 11, 26 Pinealectomy enhances peripheral vasoconstriction and results in hypertension, which can be reversed by melatonin administration in rats. 27 In humans, BP and norepinephrine levels decrease following melatonin administration. 12 The highest levels of UME were observed in elderly hypertensives who displayed the extreme dipper pattern, which BP pattern was associated with a worse prognosis in a previous study. Melatonin is a scavenger of free radicals, and may protect against atherosclerosis and oxidative stress. 21, 28 In fact, a recent report suggested that higher urinary melatonin levels are associated with a lower incidence of hypertension among young women. 29 Although a previous study reported that elderly hypertensive patients with the extreme dipper pattern had a worse prognosis than those with the dipper pattern, 6 39% of elderly hypertensives who displayed the extreme dipper pattern had the highest UME levels in our study. The discrepancy from the prognostic point of view is that a considerable number of elderly hypertensives with the extreme dipper pattern had the highest Urinary melatonin and non-dipper in the elderly K Obayashi et al levels of UME in our study. Further prospective study of melatonin's effect on prognosis is necessary to clarify this discrepancy. The present study has several limitations. First, the target population was not randomly selected, and hence there is a possibility of selection bias (participation rate unknown). Our 201 subjects (141 hypertensives and 60 normotensives) had mildly higher 24-h ambulatory BP and took more antihypertensive medications than participants in the Ohasama Japanese population-based study (129/76 vs. 123/72 mm Hg and 44% vs. 31%, respectively). 8 However, as the prevalence of the non-dipper pattern was similar between the two studies (33% vs. 35%, respectively), the generalizability of the present findings may be acceptable given that the participants in our study were 10 years older than those in the Ohasama study. In addition, the 141 hypertensives were included according to different criteria: based on a diagnosis derived from ABPM or from a previous diagnosis of hypertension and current antihypertensive medication based on a previous clinic BP, although these previous clinic BP data were not available. Second, we assessed a single overnight urine sample rather than multiple samples; therefore, the melatonin status of some participants was probably misclassified. However, the ICC between two UME levels in our study was 0.77, suggesting that serious misclassification was rare. Moreover, we measured only nocturnal melatonin levels in this study; therefore, we could not evaluate the association between circadian BP pattern and daytime or night-to-day change of melatonin levels. Further research including whole day urine sample is needed. Finally, we evaluated sleep quality by actigraphy and may ignore the residual confounding effect of obstructive sleep apnea (OSA). OSA is an important condition that could affect the incidence of the non-dipper pattern, and high BMI is the most important risk factor for OSA. 30 In our study, the mean BMI, prevalence of obesity (BMI X25 kg m À2 ) and prevalence of poor sleep quality (sleep efficiency o70% or total sleep time o5 h), which is a predictor of sleep-disordered breathing including OSA, 31 did not significantly differ between the high and low UME groups. In addition, we did not perform the screening test for secondary hypertension or orthostatic hypotension in this study.
In conclusion, among elderly hypertensive individuals, UME is inversely associated with the non-dipper pattern independently of age, diabetes and daytime activity. This finding is supported by the consistent association observed between UME and percentage SBP nocturnal fall.
